The germirene, 1,1,4,4-tetraiodo-2,3,5,6-tetramethyl-l,~digerma-2,5-cyclohexadiene, (VI), was prepared from germanium diiodide and 2-butyne. Reduction with lithium aluminum hydride replaces the iodine with hydrogen_ The hydride reacts with mercuric chloride to form trans-l,4-dichloro-2,3,5,6-tetramethyl-l,4-digerma-2,5cyclohexadiene, (VIII), which in turn reacts with carbon tetrachloride to produce 1,1,4,4-tetrachloro-2,3,5,6-tetramethyl-l,~dige~a-2,5-cyclohexadiene, (X)_ Compound (VIII) reacts with methyl Grignard reagent to give 1,2,3,4,5,6-hexamethyl-1,4-digerma-2,5-cyclohexadiene, (IXj. Attempts to form metal carbonyl complexes of (VIII) and (IX) are described.
INTRODUCTION
Thelackofcompoundscontainingp,-p,bondsbetweencarbonandgerrnanium is evidence for the extreme instability of such a system. It has been proposed that extended systems, e.g., Ge I might be stabilized by coordination to metal carbonyls'*'. In this connection several unstable n-systems have been stabilized by coordination to transition metal carbonyls, e.g., cyclobutadiene3, (I) and trimethylenemethy14, (II). In this paper we present the results of our attempts to prepare digermabenzene metal complexes, (III) and (IV), and unsubstituted get-mole (V).
MOKO),
Fe KOJ, Digermabenzene complexes were chosen because previous work had led to efficient syntheses of digermacyclohexadienes (germirenes) which appeared to be promising intermediates5 -7.
Previous attempts to prepare metal complexes of germoles were apparently hampered by the presence of phenyl substituents on the germole ring'.', thus our attempt to prepare the unsubstituted compound, (V).
EXPERIMENTAL
Melting points are uncorrected_ Elemental analyses were performed by Galbraith Laboratories, Knoxville, Tennessee. NMR spectra were obtained on a Varian Model T-60 spectrometer in benzene-d, solution. IR spectra were routinely obtained as KBr disks on a Beckman IR-9 spectrophotometer. All reactions and manipulations of solutions were carried out under a nitrogen atmosphere..
1.1,4,4-Tetraiodo-2,3,5,6-tetramethyl-l,4-dige~a-2,5-c~~clohexadiene
(VZ) Germanium diiodide was prepared by the method of Foster9 ; GeCl, being employed in place of GeI,. Benzene, ca.30 ml, and 8 g (0.114 mole) of 2-butyne were distilled, under reduced pressure, into a iO0 ml Hoke cylinder which was charged with 12 g (37 mmole) of germanium diiodide. The cylinder was then heated to 170° for 7 h with agitation_ Upon cooling to room temperature, unreacted 2-butyne was recovered by distillation. The reaction mixture was dissolved in hot toluene and filtered. The filtrate was concentrated giving a yellow solid. Subsequent recrystallization of the yellow solid gave white crystals of pure (VI) ; m-p. A 200 ml 3-neck flask equipped with a condenser, nitrogen inlet and magnetic stirrer was charged with 2.3 g (3 mmole) of (VI) dissolved in 140 ml of ethyl ether. Lithium aluminum hydride (0.2 g, 6 mmole) was slowly added at 0". After addition was complete, the mixture was heated to reflux for 1 h, then cooled to room temperature and filtered. The ether was stripped from the filtrate under reduced pressure, and the residue extracted with petroleum ether (b-p. 30-60") and filtered. trans-l,~Dichloro-2,3,5,6-te~amethyl-l,4-digerma-2,5-cyclohexadiene (VZZZ) The hydride, (VII), was placed in a 100 ml 3-neck flask equipped with a condenser, nitrogen inlet, and magnetic stirrer, and dissolved in 50 ml of ethyl ether. Mercuric chloride, 6 g (22 mmole), was added to the ice-cooled flask. The mixture was then refluxed 1 h and filtered. After removing the ether at reduced pressure, the residue was extracted with petroleum ether (b-p. 30-60°) and filtered. The petroleum ether was stripped at reduced pressure giving the chlorohydride, (VIII), which was purified by sublimation at 75O under reduced pressure (m-p. 94-97"). 
Reaction of(ZX) with (CH3CN)&fo(C0)3
A 1.1 g (4 mmole) sample of (CH3CN)3M~(CO)j, prepared by the method of Tate et al." , was combined with 0.8 g (2.8 mmole) of (IX) in n-hexane and refluxed 6 h under a nitrogen atmosphere. The solution was filtered giving a tan metal carbonyl polymer of undetermined composition, and a pale yellow filtrate. The solvent was stripped under reduced pressure and the unreacted (IX) recovered by sublimation.
A similar procedure employing THF as sohent gave identical results.
Reaction of(ZX) with Fe,(C0)9
A 100 ml 3-neck flask was charged with 1.0 g (3 mmole) of Fe2(C0)s, 0.75 g (3 mmole) of (IX) and 50 ml ethyl ether. The solution was refluxed 2 h with magnetic stirring and then filtered. The ether was replaced by ethanol to give a viscous red liquid which could not be induced to crystallize. Attempts to purify this liquid by chromatography on a Florisil column led to decomposition. A portion of the liquid was distilled (short path) at 150" under reduced pressure to give a small amount of red liquiud which could not be adequately characterized. Decomposition of the material was noted during distillation_ Reaction of(VIlI) with Na,Fe(CO), Na,Fe(C0)412, 0.64 g (3 mmole), was combined with 1.0 g (3 mmole) of (VIII) in n-hexane and refluxed 2 h. The solution was filtered giving the expected sodium chloride and a reddish filtrate. Removal of the solvent under reduced pressure gave an oil which could not be adequately characterized. 
Attempts to dehydrohalogenate (XII)
Method LA 5.0 g (11 mmole) sample of (XII) was treated with 3.42 g (22 mmole) of 1,5-diazabicyclo[5_4_0]undec-5-ene (DBU, Aldrich) at room temperature under a nitrogen atmosphere. Immediately upon addition of the DBU a black tar formed from which no monomeric products could be obtained.
Method 2.
A 100 ml 3-neck flask equipped with a constant pressure dropping funnel, nitrogen inlet and a Vigreux column attached to a dry ice-cooled flask was charged with 3.42 g (22 mmole) of DBU and ca. 30 ml of hexadecane. The system was evacuated to a pressure of low2 mmHg and the solution heated to 80" so as to "flash out" the monomeric product. A hexadecane solution of (XII) (5.0 g, 11 mmole) was added dropwise with stirring. Again a black tar appearing to be polymeric in nature was formed_ Method3.Toacarbontetrachloridesolutionof~II)(5.0g,11mmole)cooledto -20" under a nitrogen atmosphere was added a carbon tetrachloride solution of DBU (3.4 g, 22 mmole) at -20" with stirring. Once again only a black tar, indicative of polymeric decomposition products, was formed.
Attempts employing other bases, such asdiisopropylethyl amine, triethylamine, and potassium tert-butoxide gave similar results. The weaker base 2,6-lutidine failed to react with the tetrabromide, @II).
1,1-Dimethyl-1-germa-3-cyclopentene
(XIII) This compound was prepared in 40% yield by the method of Mironov and Gar14, b-p. 116-118".
Attempted bromination of (XIII)
The identical procedure as given for the bromination of the dibrcjmide, (XI), was followed. Removal of solvent under reduced pressure gave a colorless liquid which was identified as dimethyldibromogermane, b-p. 6%70°/20 mmHg (lit." 153"/746 mmHg). No addition products were obtained.
Cleavage to dimethyldichlorogermane was the only reaction observed when (XIII) was allowed to react with chlorine.
cr-Bromination of (XIIZ) with N-bromosuccinimide
A 300 ml 3-neck flask equipped with mechanical stirrer, reflux condenser and nitrogen inlet was charged with 6.7 g (43 mmole) of (XIII), 7.7 g (43 mmole) of Nbromosuccinimide and 150 ml of carbon tetrachloride. Benzoyl peroxide (trace) was added as an initiator and the mixture refluxed 3 h. Upon cooling to room temperature the mixture was filtered giving 4.3 g (100% of theoretical) succinimide, m.p. 122-124 and a colorless filtrate. Removal of solvent, followed by vacuum distillation gave 7.0 g (70% yield) of l,l-dimethyl-2-bromo-1-germa-3-cyclopentene, WIV). The mass spectrum exhibited a parent ion peak at m/e 236. Peaks at m/e 221 and 157 corresponding to loss of methyl and bromine from the parent were also observed. The isotopic distribution pattern as well as fragmentation scheme were as expected16.
Attempts to brominate the dibromide, (XI), with N-bromosuccinimide were unsuccessful. The stoichiometric amount of succinimide was obtained, however only a tar could be isolated from the filtrate. Likewise, germanium dibromide reacted exothermically with 1-chlorobutadiene to give a dark orange tar from which 2-chloro-1-germa-3-cyclopentene could not be isolated.
Attempted 1,4 elimination of (XIV)
The methods already described for dehydrohalogenation of (XII) were tried. In all cases a tar formed immediately upon combination of the reagents_ In no case could a monomeric product be isolated.
Determination
of dipole moment of (VIII) Dielectric constants were determined with a Wissenschaftlich-Technische Werkslatten Dipolmeter model DMOl. Refractive indices were determined with a Bausch and Lomb refractometer at the sodium-D line. Solutions of (VIII) in cyclohexane (purified by distillation from lithium aluminium hydride under nitrogen) were prepared with weight fractions between 10e3 and 2 x lo-', maintaining a nitrogen atmosphere. The data were treated according to the method of Hedestrand17, giving a dipole moment of 0 f 0.05 D.
RESULTS

AND DISCUSSION
The overall synthetic route to the methylhydride (IX) is shown in Scheme 1. Previous 5*6 methods of preparing digermacyclohexadienes had to be modified to give high yields of the methyl substituted germirene, (VI). Especially important was the reaction temperature and the rigorous exclusion of traces of water. The The tetraiodide, (VI), is an air-stable, white solid which reacts immediately with water to give a gummy hydroxide, which can be converted to the oxide upon heating.
Reduction of (VI) with lithium aluminum hydride gave the tetrahydride, (VII).
The hydride, (VII), decomposed during work-up when the excess lithium aluminum hydride was destroyed with aqueous solutions of hydrochloric acid, ammonium chloride or sodium hydroxide. Hence, the ether was removed under vacuum and the product extracted from the excess lithium aluminum hydride with pentane. The tetrahydride, (VII), is slightly air sensitive but can be stored indefinitely under a dry nitrogen atmosphere.The IR spectrum of (VII) exhibited an intense peak at 2020 cm-' attributable to the Ge-H stretch. In the NMR, two singlets at b 4.33 ppm and 1.77 ppm (area ratio l/3) were observed corresponding to the Ge-H and methyl protons, respectivelyWhen (VII) was combined with mercuric chloride" one hydrogen on each germanium was replaced by chloride giving thechlorohydride, (VIII). It was hoped that this reaction would proceed by a concerted mechanism giving chlorides cis with respect to the plane of the ring. A cis configuration would be necessary for subsequent complexation to metal carbonyl moieties. The Ge-H stretch of (VIII) was observed in the IR at 2075 cm-I_ This shift to higher frequency upon substitution of chlorine for hydrogen is consistent with expectationsig*", and the observation of only one lR band eliminates a structure in which both chlorines are on the same germanium atom. The NMR spectrum of (VIII) consisted of two singlets, indicative of only one isomer, at S 5.45 ppm and 1.77 ppm (area ratio l/6) corresponding to the Ge-H and methyl protons, respectively. Again the shift in position of the Ge-H signal upon substitution of chlorine for hydrogen is expected". It is interesting to note that the tetrachloride, (X), is not formed when (VIII) is refluxed with mercuric chloride but is obtained in quantitative yield when (VIII) is dissolved in carbon tetrachloride at room temperature. considerably. The Ge-H stretch of (IX) was found at 1995 cm-' ; the expected shift again being observed. The NMR spectrum consisted of a quartet (J = 3 Hz) at 6 4.40 ppm, a singlet at 1.77 ppm and a doublet at 0.30 ppm (J = 3 Hz) in an area ratio of l/6/3 corresponding to Ge-H, C-CH, and Ge-CH, protons respectively.
From these data it appeared that only one of the two possible isomers, cis or trans, was present. In order to ascertain which isomer was present, the dipole moment of (VIII) was determined. The chlorohydride, (VIII), was chosen for this study due to its stability by comparison to the methylhydride, (IX), and the larger separation between the theoretical dipole moments for its two isomers. A moment of O$-0.05 D was obtained in cyclohexane solvent, thus indicating that (VIII) has the truns-configuration. A simultaneous displacement of both hydrogens by mercuric chloride would undoubtedly give the c&-isomer. Thus the two chlorides must add independently and a mixture of isomers might be expected. Addition of the first chloride must create a considerable steric barrier to the contiguous approach of a second molecule of mercuric chloride, thus leading to exclusive formation of the trans-isomer.
It has been shown" that substitution reactions of germanium chlorides parallel those of similar silicon chlorides which proceed with complete inversion of configurationz3.InviewofthisandtheNMRevidence,itseemscertain that themethylhydride, (RC), has the same stereochemistry as the chlorohydride.
Although we expected complexation reactions to proceed readily only with the cis-isomers of (VIII) and (IX), we deemed it worthwhile to determine if metal carbonyl complexes could be obtained from the rrans-isomers.
King has shown 24 that tris(acetonitrile)molybdenum tricarbonyl reacts with compounds having rc systems to give arene molybdenum tricarbonyl complexes. Most of the reactions reported by King are simple displacement reactions, although cyclopentadiene is reduced to cyclopentadienide by the acetonitrile complex. Pentaphenylgermole'*25 is also reduced by tris(acetonitrile)molybdenum tricarbonyl. In contrast, compound (IX) failed to react with (CHsCN)sMo(CO)s under a variety of conditions. At elevated temperatures, the molybdenum carbonyl complex appeared to decompose to an insoluble, polymeric carbonyl which did not contain the germirene ligand. The hydride, (IX), could be recovered in near quantiative yield by sublimation.
The oxidation-reduction reaction between (CHJZN),Mo(CO), and cyclopentadiene or pentaphenylgermole may be thought of as a reaction between a metal and an acid. The high reactivity of the cyclopentadiene and the germole may be attributed to their relatively high acidities'_ The pK of (lX) is probably close to 23' which is apparently too low to permit reaction with the molybdenum carbonyl complex.
The methyl hydride, (DC), did react with diiron enneacarbonyl to give viscous red oils which decomposed on attempted purification. The chlorohydride, (VIII), and disodium tetracarbonylferrate( -2) reacted to give sodium chloride and a red gum, which appeared to be polymeric but could not be adequately characterized. In light of the truns structure, derived from the dipole moment, formation of polymeric products is expected.
The addition of bromine to l,l-dibromo-1-germa-3-cyclopentene, (XI), proceeds readily to give 1,1,3,4-tetrabromo-1-germacyclopentane, @II), presumably with the 3,4_bromines trans. The NMR spectrum of this compound is shown in Fig. l_ The spectrum consists of multiplets at 6 4.9 ppm and 2.6 ppm (area ratio l/2) which upon decoupling collapse respectively to a singlet and an AB quartet, J(AB) = 7.5 Hz, Aa = 7.3 Hz.
It is interesting to note that bromine or chlorine cleaved the ring of &l-dimethyl-1-germa-3-cyclopentene, (XIII), to give Me,GeX, @ = Br, Cl). Reaction of (XIII) with N-bromosuccinimide gave l,l-dimethy&2-bromo-I-germa-3-cyclopentene, (XIV)_ A similar bromination attempt with the dibromide, (XI), was unsuccessful, again emphasizing the remarkable difference in chemistry of these two compounds. Attempts to dehydrohalogenate (XII) and (XIV) under a variety of conditions gave polymeric tars. From this study it is evident that dehydrobromination of the brominesubstituted germacyclopentanes or germacyclopentenes will not give unsubstituted germole.
